We report on ZnO-based thin-film transistors employing lanthanum aluminate gate dielectrics (La x Al 1-x O y ) grown by spray pyrolysis in ambient atmosphere at 440 °C. The structural, electronic, optical, morphological and electrical properties of the La x Al 1-x O y films and devices as a function of the lanthanum to aluminium atomic ratio were investigated using a wide range of characterization techniques such as UV-visible absorption spectroscopy, impedance spectroscopy, spectroscopic ellipsometry, atomic force microscopy, x-ray diffraction and field-effect measurements. As-deposited LaAlO y dielectrics exhibit a wide band gap (~6.18 eV), high dielectric constant (k~16), low roughness (~1.9 nm), and very low leakage currents (<3 nA/cm 2 ). TFTs employing solution processed LaAlO y gate dielectrics and ZnO semiconducting channels exhibit excellent electron transport characteristics with hysteresis-free operation, low operation voltages (~10 V), high on/off current modulation ratio of >10 6 , subthreshold swing (SS) of ~650 mV dec -1 and electron mobility of ~12 cm 2 V -1 s -1 .
Solution-processed film stacks constitute a promising alternative to conventional vapor deposition for large area applications as they could provide a breakthrough in manufacturing cost. In that respect and given the recent advances in metal oxide semiconductors deposited by vacuum-based techniques, solution processed devices offers an alternative approach by marrying fabrication simplicity with high-throughput manufacturing. Whilst progress on solution-processed oxide semiconductors has been rapidly advancing, research efforts towards the development of dielectric materials has been relatively slow, with most of the reported work performed using conventional dielectrics based on SiO 2 that usually results in high voltage transistor operation and hence increased power consumption. To tackle this problem, different approaches have been explored including the use of ultra-thin nanodielectrics, 1 electrolyte gate dielectrics 2 , and high-k dielectrics. Among these, the use of high-k dielectrics is arguably the most attractive option since it can enable low leakage currents, through the use of physically thicker films, as well as low-voltage operation. There are already numerous candidate materials such as transition metal oxides i.e. [25] [26] [27] However despite their attractive properties and extraordinary performance, vacuumbased deposition techniques still suffer from high manufacturing cost and incompatibility with large area deposition. In order to overcome this technology bottleneck, significant research has been focused on the development of alternative solution processing deposition methods such as spray pyrolysis [28] [29] [30] [31] and sol−gel.
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Here we study the structural, optical, electronic and dielectric properties of La x Al 1-x O y gate dielectrics grown by spray pyrolysis in ambient air as a function of the lanthanum to aluminium atomic ratio. Lanthanum to aluminum atomic ratio was adjusted by the simple physical blending of the soluble precursors in alcohol and dimethylformamide-based
solutions. We also demonstrate their implementation in high-mobility TFTs based on ZnO semiconducting channels similarly grown by spray pyrolysis 35 . The electronic and morphological properties of La x Al 1-x O y layers are investigated using a range of techniques including atomic force microscopy (AFM), UV-Vis absorption spectroscopy, admittance spectroscopy, spectroscopic ellipsometry, and x-ray diffraction (XRD). Finally, the electron mobility of the spray coated ZnO films employing La x Al 1-x O y gate dielectrics was investigated using an optimized bottom gate, top-contact transistor architecture. Figure 1(b) .
The current-voltage density characteristics of MIM structures were also investigated.
In the case of LaAlO y and La 2 O 3 dielectrics, the leakage current density was found to be very low (less than 3 nA/cm 2 at 1. Figure 1(a) ) reveal stable stacks with excellent capacitive properties as evidenced from the equivalent circuit that consists of a large shunt and low series resistance. 
